BIGBOARD MISC. ADDENDA 


PFM USER’S MANUAL 


The "VERIFY* command has been deleted in order to add the new 5S 
"SWITCH" command to the PFM monitor. 

The S command is used to switch console outrut from the ‘signed 
on* device to the other outrut. If vou have signed on to the 
Serial device as the console I/0 (i.e. the first Return after 2 
reset was tured on the Serial terminal keyboard) and vou wish to 
redirect the outrut to the BisBoard videos simrly tyre "S" 
followed by a return. 

Ifs howevery you signed on using the ASCII keyboard and video 
outeut combinations and you want to redirect the system outrut 
to a 300 Baud Serial devicer simply tyre "S" with a Return then 
"“S* with a Return @ second time. 

If the default value of 300 baud on the Serial device is not 
accertable,y then use the following rrocedure to define 2 new 
baud rate. Make 3a note of the desired. baud rater and refer to 
the Hex to baud conversion. table on page 8 of the Theory of 
Operation. Select the corresronding Hex value of the desired 
baud rate. Referings to the PFM user’s manusly outrut this hex 
value to Port OC Hex using the "O° command. Tyre QO OC»<DATA>. 
The new selected baud rate is valid until a system Reset» a CP/M 
booty or another baud rate is selected. 

Selecting 2 new baud rate MUST is done BEFORE using the "S" 
command. It is mandatory that the baud rates of the serial 
device and the Big Board serial channel B must be set eaual. 
Incompatible baud rates can cause unpredictable sustem 
operation!!! 7 


ASCII KEYBOARD 

Bit 8 (KB7) of the keyboard MUST be srounded. 

The comronent legend on the PC board is incorrect at connector 
J2. The "14" should read "2": the ‘Keyboard Connector Pin 
Assidnments® in the Theory of Oreration is CORRECT as shown, 


CTC OPTION 
To utilize the CTC function of auto timeout of the disk 
drives, Jjumrer eins 3 and 4» 7 and 8 on JB2. 


SERIAL I/0 OPTION 

To connect a serial terminal to Serial Channel Br use the "NM" 
Jumpers on JBS as shown in the "Serial I/0 Strarpeing Ortions® in 
the Theory of Oreration. ‘ , 

Under the construction section for this ortion we neglected to 
instruct that an 18 pin socket be soldered,at U107 and a. 5.0688 
mhz crustal be soldered at Y3. Also the 6116 baud rate deneretor 
must be installed at U107. : 


VIDEO OUTPUT ; . 
Some brands of video monitors may reauire edJjustment of the 
Vertical Heidth and Horizontal Width controls for prorer size. 


KEY POINTS TO REMEMBER... wt Bt 4 oy 
The Big Board clears the screen and waits for a Return hefore 
PFM signs on. a 


You cannot Boot CF/M or read e@ diskette with the “R* command if 
you do not have @ drive connected. 


DO NOT test memory above EFFF Hex or vou will KILL FFM. 


If wour system starts acting strange: immediately recheck the 
Power suprly voltades. 


A car marked 101J is 100 ef while a °103° is a .01 mfd. Also an 
NEC I760C is @ Z-80 CPU chirp. 


Any factory installed comronents or modifications should be left 
elone! 


The MC1488 and MC1489 line drivers NORMALLY run warm. 


If you rlus any cable in backwardss the chances are something 
will be blown! 


Poor soldering will rotentislly cause MORE rroblems than 
anythina else. ; 


Software on cassette cannot be loaded into the Bie Board. 


IMPORTANT ! 


When using the Bis Board with only @ rartial comeliment of 1/0 
ortionss one or more Jumprpers must be added to complete the 
Priority chain. The priority chain does from the Serial I/0 to 
Keyboard FIO to the Ortional Parallel I/0 (PIO) to the Real Time 
Clock (CTC) 

If you are runnins your Bid Board with Baesic I/0 (no ortions) 
then a Jumper is reauired between rins 6 and 7 on Ui13. 


If you add the Serial Ortion ‘(SIQ) laters then the Jumrer on 
U113 must be removed, 


If the Serial Oretion is on hoards and no ortional Ferallel 
Ortion has been addeds then the addition of the CTC reauires a2 
Jumrer at U8S9 ein 22 to Pin 24, 


If the CTC only is added to the Basic I/0 configuration, then 
BOTH of the above mentioned Jjumrers are reauired. 


If the Parallel Ortion only is added to Basic I/0 then the 
dumper at U113 Pins 697 is needed, 


* 


A Bis Board with ALL I/0 options added REQUIRES NO JUMPERS. 


Desa IS A TA Pn Device ! 7 2 
FHE Sick ScpeEen LEGEWD /S Nor CorkECT. 


THE BIGBOARD: AN OVERVIEW 


The Big Board was designed to fill the needs of the 
OEM, business, and educational markets for a low cost but high 
performance general purpose computer. Please note, however, that 
the Big Board is NOT a finished product. An enclosure, floppy 
disc drives, power supplies, fan, keyboard, and a video monitor 
inust be added in order to make a complete computer. 


A typical user system might include a completed Big Board 
with two disk drives, an ASCII keyboard for input with a high 
quality video monitor for output. The user might also have a high 
speed line printer connected to the optional parallel port. This 
would require a user written printer driver routine. 


In place of the keyboard-monitor combination, some sort of 
serial terminal such as a LA36 Decwriter or Lear Sigler ADM-3A 
could be connected to the optional serial I/O port. This 
terminal can automatically become the system console. In 
addition a modem could be connected to the other serial channel 
for communications over the telephone lines with OTHER computers 
or equipment. The modem would require user written software 
drivers also. A listing of our PFM system monitor is available 
to make user written software easier to integrate into the Big 
Board. 


The designers of the Big Board tried to include the right 
mix of most commonly needed computing features all on one handy 
sized PC board. These main features include: 


64K System RAM----Z-80 CPU----Floppy Disc Controller---- 
24 Line by 80 Character Video ----ASCII Keyboard Input Port-- 


Two full serial I/O ports, a Real time clock, and two parallel 
I/O ports are available as options. 


A very powerful System Monitor is included in ROM. 


The Big Board kit is fully socketed and includes only the finest 
quality components. 


The Big Board was designed to primarily run the popular 
CP/M disk operating system. This allows the Big Board to execute 
the tremendous software base (8080/Z280) that exists to run under 
CP/M. 


As with any design, certain tradeoffs were made in order to 
produce the most cost effective and reliable machine possible. 
The Big Board is not expandable beyond its present configuration 
without extensive modifications. Tf the 64K of RAM and all of 
the I/0 options of the Big Board are not enough for your 
application, then we strongly recommend that you impliment your 


system on either the SS-50 or S-100 buss. In order to maintain 
the highest possible degree of reliability, we have elected to 
retain the single density IBM 3740 disk format. This also 
assures software compatibility between the Big Board and other 


CP/M based systems. 


The Big Board is not a "consumer" or personal computer. It 
is a serious and powerful machine that requires both hardware and 
software expertise in its construction and use. If you need a 
ready to use, no experience needed, take home and RUN computer, 
then we recomment the many fine systems offered by Radio Shack, 
Apple, Commodore, Atari, Texas Instruments, etc. 


CP/M is a TM of Digital Research (California) 


IC AND PARTS CROSS REFERENCE 


74LS00=U52953 PAL SS9S3=U21 223 


142 . 
74LS02=U87 8216=U5S4*57 


74L.SO4=U1194697791039110 2114=U61 762763764 


7406=U105 2716CHAR—-ROM=U73 


74L.S08=U379104 2716PFM=U67 


74LS10=U10 Z80CFU=U80 


74L.$14=U10121129114 ZBOPIOCMK3881)=U111 


74LS20=U56 F01771=U102 


FALSG32=U25981 4116¢16KRAM)=U1-8% 13-20% 26-33 939-46 


FAASAULOS 14,.318MHZ=Y1 


2 a 
74L974=U9 9127609108 20. 000MHZ=Y2 


74L$123=U38»517106 2N2222=Q1 (VIDEO) 


JFALS136=U94 2N2907=Q2 (CPU) 


74L$138=U55 84785186 Gate VeS 
74L$151=U75 
74LS157=U47»48+49750 
74157=U58 959 
74LS161=U24 
74154=U76 
74LS174=U35 974 
74L5193=U98 
74L.S241=U65 982 
7ALS242=U99» 100 
PALS24AS=U7 1» 72278979 
7ALS2BS=US4» 36 
74LS2902U22 9 97 
7ALS293=U96 


74ALSS73=UB3 


THEORY OF OPERATION 


BIG BOARD PARTS LIST (BASIC I/0) 


SEMICONDUCTORS 

DEVICE QUANTITY COMMENTS 

74LS00 2 QUAD 2 INPUT NAND 

74LS 02 1 QUAD 2 INPUT NOR 

74LS04 5 HEX INVERTER 

7406 1 HEX O.C. INVERTING BUFFER 
74LS08 2 QUAD 2 INPUT AND 

74LS10 1 TRIPLE 3 INPUT NAND 

74LS14 3 SCHMITT HEX INVERTER 

74LS 20 1 DUAL 4 INPUT NAND 

74LS 32 2 QUAD 2 INPUT OR 

7445 1 BUFFERED O.C. BCD DECODER 
74LS74 4 DUAL D FLIP FLOP 

74136 a QUAD 2 INPUT XOR 

74LS123 3 DUAL MONO 

74LS138 4 BINARY DECODER 

74LS151 i 1 OF 8 MUX 

74LS157 4 QUAD 2:1 MUX 

74157 2 HI DRIVE VERSION OF ABOVE 
74LS161 1 PRESETTABLE SYNCHRONUS BINARY COUNTER 
74164 1 8 STAGE SHIFT REG. 

74LS174 2 HEX D LATCH 

74LS193 1 SYNC BINARY U/D COUNTER 
74LS 241 2 OCTAL BUFFER 

74LS 242 2 4 BIT INVERTING BUS BUFFER 
74LS 243 4 4 BIT BUS BUFFER 

74LS 283 2 4 BIT FULL ADDER 

74LS 290 2 BCD COUNTER 

74LS 293 1 BINARY COUNTER 

74LS 373 1 OCTAL LATCH 

74LS 393 2 DUAL 4 BIT BINARY COUNTER 
8216 2 SIGNETICS/INTEL BUS BUFFER 
2114 4 1K X 4 NMOS STATIC RAM 
MK2716-6 1 350 NS CHARACTER GENERATOR 
2716 1 PFM MONITOR ROM 

MK3880 1 Z80-CPU 

MK3881 1 Z80-PIO 

FD 1771-B0l 1 WESTERN DIGITAL FLOPPY CONTROLLER 
MK4116-4 32 16K DYNAMIC RAM 

2N2907 1 PNP TRANSISTOR 

2N2222 1 NPN TRANSISTOR 

1N751 Bi 5-1 VOLT 1/2 WATT ZENER 


c 1980 J.B. Ferguson 


THEORY OF OPERATION 


RESISTORS 


QUANTITY 


NEP RPPPRPPNNEP BREF OUN WO 


CRYSTALS 


ICM PART NO. 
433165 
435260 
433165 


CAPACITORS 


ee eee a a ee = 
eS SSS SSS SSS SS SS 


QUANTITY 
105 


1 
3 
1 
1 
8 
2 
af 
1 


CONNECTORS 


PART NUMBER 


CA-D26SP100-230-430 
CA-D50SP100-230-430 


33 OHM 1/4 WATT 
820 OHM 1/4 WATT 
4.7K OHM 1/4 WATT 
10K OHM 1/4 WATT 
1.2K OHM 1/4 WATT 
220 OHM 1/4 WATT 
330 OHM 1/4 WATT 
1.0K 1/4 WATT 
100K 1/4 WATT 

75 OHM 1/4 WATT 
1.5K 1/4 WATT 
3.9K 1/4 WATT 
4.3K 1/4 WATT 

39K 1/4 WATT 

68K 1/4 WATT 

8 PIN 1K SIP, PIN 1 COMMON 


come cr ee ere ee ree an ee ee ee a re ee ee ee ee ZZ 
BF eel 


FREQUENCY 


14.31818 MHZ ALL CRYSTALS ARE SERIES RESONANT 
20-000000 MHZ 32 PF LOAD, HC-18 HOLDER 
5.0688 MHZ (OPTIONAL) 


te 
=e SSS SS SSS SSS SS SSS SSS SS SS SS SE SS SS SS SS SS Se SE 


-01 - .1 UF DISC OR MONOLITHIC 16V OR MORE 
-01 UF DISC CERAMIC .25" LEAD SPACING 

33 PF DISC 

47 PF DISC 

-0033 UF DISC 

2.2 UF (OR GREATER) 20V AXIAL LEAD TANTILUM 
68 UF 10V RADIAL LEAD ELECTROLYTIC 

1.0 UF 10V RADIAL LEAD ELECTROLYTIC 

100 PF DISC 


QUANITY DSECRIPTION 
1 C-A. 26 PIN CONNECTOR 
1 C-A- 50 PIN CONNECTOR 


44 14 PIN SOLDERTAIL SOCKETS 
55 16 PIN SOLDERTAIL SOCKETS 
5 18 PIN SOLDERTAIL SOCKETS 


c 1980 J.B. Ferguson 


THEORY OF OPERATION 


20 PIN SOLDERTAIL SOCKETS 
24 PIN SOLDERTAIL SOCKETS 
40 PIN SOLDERTAIL SOCKETS 
28 PIN SOLDERTAIL SOCKET 
ELECTROVERT 8 POS. TERMINAL BLOCK 


RPrRwm uw Ww 


257-104-0853 


c 1980 J.B. Ferguson 


THEORY OF OPERATION 


RESISTOR VALUES 


820 OHMS 

820 OHMS 

68 K (H- SYNC TIMING) 
100 K (V- SYNC TIMING) 
39 K (H- SYNC DELAY) 


aS a CC 
rPrRODNAURWNHE 


= 33 OHMS 

- = 33 OHMS 

- = 33 OHMS 

- = 33 OHMS 

-10 = 33 OHMS 

-11 = 33 OHMS 
R-12 = 33 OHMS 
R-13 = 33 OHMS 
R-14 = 4.7 K 
R-15 = 4.7 K 
R-16 = 4.7 K 
R-17 = 4-7 K 
R-18 = 4.7 K 
R-19 = 33 OHMS 
R-20 = 75 OHMS 
R-21 = 1.5 K 
R-22 = 10 K 
R-25 = 3-9 K (NEXT TO R-26) 
R-26 = 4.3 K 
R-27 = 10 K (OPTIONAL) 
R-28 = 10 K (OPTIONAL) 
R-29 = 10 K (OPTIONAL) 
R-30 = 10 K (OPTIONAL) 
R-31 = 10 K (OPTIONAL) 
R-32 = 10 K (OPTIONAL) 
R-33 = 10 K (OPTIONAL) 
R-34 = 10 K (OPTIONAL) 
R-35 = 10 K 
R-36 = 10 K 
R-37 = 1-0 K 
R-38 = 1.0 K 
R-39 = 220 OHMS 
R-40 = 1.2 K 
R-41 = 10 K 
R-42 = 10 K 
R-43 = 10 K 
R-44 = 100 K 
R-45 = 4.7 K (P/O SERIAL OPTION) 
R-46 = 220 OHMS 
R-47 = 330 OHMS 
R-48 = 10 K 
R-49 = 10 K 
R-50 = 220 OHMS 
R-51 = 220 OHMS 
R-52 = 4.7 K (P/O SERIAL OPTION) 


c 1980 J.B. Ferguson 


THEORY OF OPERATION 


ALL CAPACITORS NOT INCLUDED IN THE LIST BELOW ARE NON-CRITICAL 
AND CAN BE ANY DISK OR MONOLITHIC BETWEEN -01 UF TO .1 UF 

AT 16 VOLTS OR MORE ; 

CAPACATOR VALUES - CROSS REFERENCE 


C-21 = 2.2 UF (OR GREATER) 20 V 
C-22 = 2.2 UF (OR GREATER) 20 V 
C-23 = .01 UF 

C-24 = 33 PF 

C-37 = 2.2 UF (OR GREATER) 20 V 
C-38 = 2.2 UF (OR GREATER) 20 V 
C-51 = 2.2 UF (OR GREATER) 20 V 
C-52 = 2.2 UF (OR GREATER) 20 V 
C-53 = 180 PF (H. SYNC TIMING) 
C-54 = 4700 PF (V- SYNC TIMING) 
C-67 = 2-2 UF (OR GREATER) 20 V 
C-68 = 2.2 UF (OR GREATER) 20 V 
C-69 = 470 PF (H. SYNC DELAY) 
C-106 = 47 PF 

C-110 = 100 PF 

C-113 = 33 PF 

C-114 = .0033 UF 

C-115 = 1-0 UF 10 V 

C-124 = 390 PF (OPTIONAL) 

C-125 = 390 PF (OPTIONAL) 

C-126 = 390 PF (OPTIONAL) 

C-127 = 390 PF (OPTIONAL) 

C-128 = 390 PF (OPTIONAL) 

C-129 = 390 PF (OPTIONAL) 

C-130 = 390 PF (OPTIONAL) 

C-131 = 390 PF (OPTIONAL) 

C-132 = 390 PF (OPTIONAL) 

C-133 = 390 PF (OPTIONAL) 

C-134 = 390 PF (OPTIONAL) 

C-135 = 390 PF (OPTIONAL) 

C-136 = 390 PF (OPTIONAL) 

C-137 = 390 PF (OPTIONAL) 

C-138 = 390 PF (OPTIONAL) 

C-139 = 390 PF (OPTIONAL) 

C-140 = 68 UF 10 V 

C-141 = 68 UF 10 V 

C-142 = 33 PF (PART OF COMPOSITE VIDEO (NEXT TO U-94)) 


FOR COMPOSITE VIDEO THE FOLLOWING COMPONENTS WILL ASSUME THE 
CORRESPONDING VALUES: 


R-3 = 68 K 
R-4 = 100 K 
R-5 = 39 K 
C-53 = 180 PF 
C-54 = 4700 PF 
C-69 = 470 PF 


c 1980 J.B. Ferguson 
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ASSEMBLY INSTRUCTIONS 


CI Give the FC board 3 good visual insrectiaon for any 
Obvious defects or shorts. A few minutes srent here could save 
hours later. 


You will note that we have installed a few components on the PCR 
in areas where there was a hish frobability of ae short. This 
will eliminate any rotential rroblems you might have im these 
areas. 


C1 Using en ohm meter insure that there sre no shorts 
between the -—12» GND, +5 end +12 rads located in the lower 
left corner of the PCE. 


CI When doing the following sters rlease refer to the 
printed rarts overlay which is amons the larse schematic 
sheets. 


CI Install and solder 14 rim sockets im locations Ur 10% 
diy 129 Sly 22, 23% B5e 372 560% and 7l» 72. Note that rin #1 of 
all sockets is oriented toward the TOF of the PCE, 


C3 Install and solder 14 Fin sockets in locations US2» S33» 
Sé¥ 669 7éx 77y 7Bx 79» Bly and B7. 


CI Install and solder 14 Fin sockets in Locations UPd» 97>» 
99» 100% 101s 103% 104% 1057 108» and 110. 


CI Ingtall and solder 14 Fin sockets in locations U90r 91» 
92% 93» Pay 95y Lie» 114% 115% 116% 117 and 118. 


Ci Install and solder 16 pin sockets in locations U1-8» 
13-20» 246-332 and 39-45, 


EI Install and solder 16. rin sockets in locations US4, SS» 
57-59 o 
Ci Install and solder 16 rin sockets in locations U24,y 34, 


352 349 38s 47% 489 49» SOv St» 74s and 75. 


Ci Install and solder 16 rin sockets in locations UB4, 85>» 
867 98» 106» arid 109. 


CI Install and solder 18 Fin sockets in locations Ué1~-64 
and U107. 
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Ci Install and solder 20 Fin sockets in locations Ué6éSr 82, 
and 83. 

CI Install and solder 24 rin sockets in locations U67-70» 
and U73. 

CI Install and solder e 28 Fin socket in USé. 

Ci Install and solder 40 rin sockets in locations U80r 89, 


102 i111» and 113. 


Ci Install and solder 11 of the Jumrer Fins in the holes 
between U92 and U94 (JB1). Install and solder 3 of these Prins at 
JER6 vJust to the left of U1l2. 


CI Install and solder the .01 mfd. (or Sdreater) byrass cers 
in locations C1i-C20» C25-C3é, C39-C50» CS5-C46e C70-C105» 
C107-C109» C111-Cill2, and C116-Ci23. 


CI Install and solder the 2.2 mfd. (or greater) axial lead 
tantalum cars Cobservings rolarity !) in locations C21, 222 37» 
389 Sly S22: 67+ 58, 


CI Install and solder a 1.0 mfd tantalum at C115. 

Ci After carefully bending the leads to fits install and 
solder two 68 mfd. tantalum cars at C140-141, 

CJ Ilouble check, the polarity of the above tantalums! 

cI Install and solder C23» a .01 mfd. disc car. 

CJ Install and solder C24» a@ 33 rf. disc car. 

CI Install and solder C106» a 47 Ff. car. 

C3 Install and solder Ci1l0» 3 100 Ff. car. 

CJ Install and solder Cil3» a 33 Ff. car. 

C2 Install and solder C114» a .0033 mfd. car. which may be 


marked "332", 
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CI Flease note that C124-139 (390 or 470 Ff) are part of 
the serial I/0 ortion and are not surrlied with the basic it. 


C The following cars are surrlied for use only with 
composite video outrut (the most commonly used). If you wish to 
use SFLIT video and suncy refer to the Theory of Oreration under 
*Syunmc Generation" to calculate these values, 


CI Install and solder C142, 3a 33 ef car located next to 
U94. (Used only for composite video) 


CI Install and solder CS3» 2 180 rf car. 

CI Install end solder C54 3 4700 Pf car. 

CI Install and solder C69» a 470 Ff car. 

CI Install end solder R1i-R2» 820 ohm resistors, 


(2 2 Install and solder R6-R1i3» and R19. These are 33 ohms, 
or any value from 27 to 33 ohms. 


C2 Install and solder Ri4-18» 4.7K ohm resistors. R45 and 
5? gre also 4.7K hut are rart of the serial ortion. 


CI Instell and solder R22, 35-36, 41-43» and 48-49 which 
are 210K ohm resistors. R27-34 are 10K, but are rart of the 
rarallel I/0 ortion,. 


C1 Install and solder R37-38 which are 1K ohm resistors. 


CI Install and solder R39* 46» SO» and Si which are 220 ohm 
resistors. . 


CI Install and solder R40» which is 2 1.2K ohm resistor. 
CI Install and solder R44, which is a 100K ohm resistor. 
CI Install and solder R47» which is a 330 ohm resistor. 
CI Install and solder R20» which is 2a 75 ohm resistor used 


for composite video ONLY. 
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CI] Install and solder R21: which is @ 1-5K ohm resistor 
used for comrosite video ONLY. 


CI Install and solder R25iy which is a 3.9K ohm resistor 
used for comrosite video ONLY. R25 is located next to R26. 


CJ Install and solder R26 which is @ 4.3K ohm resistor. 
This is used for comrosite video ONLY. 


CI The next 3 resistor values listed are for composite 
video (sync timing). For SPLIT video refer to the Theory of 
Oreration for calculation of these values. 


CI Install and solder R3» which is a 68K ohm resistor, 

CI Install and solder R4y which is @ 100K ohm resistor. 

CI Install and solder RS: which is @ 39K ohm resistor. 

CI Install and solder Qly @ 2N2222» located near U74,. 

CI Instell and solder Q2» a 2N2907» located near U80. 

CJ Install and solder Yir 2@ 14.318 mhz crystal. 

CI Install and solder Y2r 2@ 20.000 mhz crustal. 

CI Y3» a 5.0688 mhz crustal, is part of the serial ortion, 
C1 Install and solder @ 26 Fin connector in location J2. 


Note that J3»J4 ere also 26 Fin conm. but are rart of the serial 
1/0 ortion. The side with the SHORTER reins is soldered to the 


FCB, 


Ci fll 40 fin connectors are for ortions. These are located 
in JB49JBS*s(serial),s and JS (rarallel), 


Ci Install and solder the 50 rin connector in location J1. 
This is the florry disk connector, , 


CI Install and solder two 1K Srin resistor racks in 
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locations RF1-2. Fin 1 is denoted by a dot om the PCB and should 
be matched with the dot or indentaion on the resistor pack. 
Install the racks tilted at a slight angle sway from conmector 
Jl to allow for clearance with the matings florry disk 


connectors 


a | Install and solder TBl» the rower connector for the Bis 
Board, 

£1 Install and solder VRi» as i1N751 jzeners located near 
u9s. 

Ci Install and solder the 10 fin connector at location J6- 


This is the video connector. 


CI Note that the 8 rin connector at JB2 is part of the CTC 
ortion. The 16 fin conmector at JB3 is rart of the rarallel I/0 
ortion. 


C3 Refore inserting any IC’s im their sockets: arrly +5, 
4129 -12» and sround to THL. With an accurate voltmeters check. 
the voltede on C21. It should be -SVDC (within 5%). When 
measurins’ voltases,: be very careful not to short your rrobes to 
any of the srouncds on the FCER» this would short out your Power 
surPplies. 


Ci Check the voltage across C37» it should be #+12V0C 
(within SZ). 


C2 Check the voltede across C91» it should be +5VDC (within 
ba 
C3 Check the voltase between rins 23 and 2 om connector J2y 


it should measure ~12VDC (within 5%). 


CI The rower suprlies used to run the Bis Board MUST be of 
the highest auality and should have Over Voltade Frotection 
COVP) eslons with current limiting. A chear rower supply could 
become very expensive if you have to rerlace all of the IC’s = on 
a@ Big Board!!! 


CI DISCONNECT ALL DC POWER NOW !!! 


CI Install 74LS00’s im locations U5S2s53. Note that all rin 
#1i’s are indicated by @ notch or indentation in the device. All 
Pim #1’s are toward the TOF of the FCEK. 


DIGITAL RESEARCH COMPUTERS----BIG BOARD DOCUMENTATION 


CI 


CI 
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C3 


CI 


CI 


CJ 


CI 


CJ 


CI 


Cl 


CI 


CJ 
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CI 


CI 


CI 


CJ 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


Install 


the 74LS502 in location U87. 
74LS504/s im locations t1r 662 77+ 103» 


a 7406 in location U105. 


74LS08’s in locations 37% and 104, 

a 7A4LS10 in location U10. 

3 741914 in locations U1012112» and 114. 
a 74LS20 in US6. 

74LS$32’s in U25» B81. 

a 7445 in U109. 
74ALS74’/s im U9r 12» 40» 108, 
74L$123’s im U38251» and 106. 
@ 74LS136 at U94. (For SPLIT video use a 
74L$138’s in USS» 84» 85» and 86. 

@ 74L$151 in U7S. 

7ALS157’s in U47» 487 49» and 50. 
74157’s in US8 and 5S? 

@ 74L$161 in U24. 

@ 74164 in U76, 


74LS174 in U3Sr and 74. 


a 74LS193 in U98. 


Pase 14 


110. 


LS86). 
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C3 Install 74LS241’s in U65 and 82. 

CI Install 74LS242’s in U99 and 100. 

CI Install 74LS243’s in U71* 72» 7B, 79, 

CI Install 74LS283’s in U34 and 36. 

Cy Install 74LS290’s in U22 and 97. 

CI Install a 74LS293 in U96. 

Ci Install 3 74LS9373 in U83. (can be 748373). 

C3 Install 74LS393 in U21 and 23. 

CJ Install 8216’s in US4 and S57. 

CI Install 2114’s (250 NS or better) at U61-U64. 
CI Install the CHAR ROM at U73. 

I Install the PFM Rom at U67. 

CI Install the Z80 at USO. 

CI Install the PIO at Ul11. 

C3 Install the WD1771 at U102. 

C3 Install the 32 4116’s at Ul-Br 13-20» 26-33, 39-46. 


Must be 300 NS or better. 


Ci 10 NOT continue until you have double checked that all 
the IC’s sre in the correct sockets! 


Ci Use the cable and 26 rin comnector assembly rrovided to 
connect. an ASCII encoded keyboard to the Bis Board. Refer to the 
"Keyboard Connector Fin Assisgmments* (J2) in the connector 
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assignment section of this manual. Note that either rolarity of 
strohe is available at JB4 as described under the “Keyboard 
Strobe Folarity Straerring Ortion"*. The needed BDC rower is also 
available at J2. 


3 Connect the Jjumrers for JB7 "Video Strarring Ortions" as 
shown for comrosite video. JB7 is located between U92 and 94, 


Connect @ comrosite tyre video monitor (must be high 
bandwidths i.e. NOT a converted TV) to Jé rins 9 and 10. We 
recommend 75 ohm coax such as RG174. Note that rin 9 is GNI, 


CI Connect a normally oren rush button switch to TE1 Fins § 
and 6. This is the system reset, 


C7 We sre about to srrly final rower! This is the last 
chance you will have to RECHECK YOUR WORK! 


CI Reconnect the rower to THI. ALL rower surelies MUST be 
turned om AT THE SAME TIME. 


CI Fress the RESET button. The video monitor should be 
blank. 

CI Now hit the RETURN key on your keyboard. FFM system 
monitor should sigm ore Now is the time to familiarize vour 


self with PFM. Carefully read the FFM users manual. 


CI We strongly recommend that you now use PFM to test your 
memors for at least 4 to 8 hours. The more you test the memory» 
the more reliable your system will be. The PFM memory test may 
seem slows but this is due to the exhaustive nature of the test 
rrocedure. We have found that most Kis Board rroblems are 
nothing more than memory rroblems. This is sors even though we 
Provide the best euality memories available to us. Remembery 
that it only tskes one bad bit out of the total 524288 bits to 
cause the system to malfunction. Note that because FFM is 
executing out of rams test only from 0000 to EFFF hex so that 
vou will mot kill FFM. 


CI After testing the 40K as indicated sabover rower down the 
sustemy exchange U1-8 with U39-46. And retest memory. This way 
ALL rams ere fully tested. 


CI IF the video does not clearsthe trouble can be either in 
the CPU section or the video section. IF FFM does not sigm on 
and the video arrears to be workings the rroblem is more likely 
RAM related or imrrorer keyboard hook ur. If characters B0 
arrearr, but are not share and wholes then look for frroblems in 
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the video divider chain. The video section is inderendent. The 
oniy thing it shares with other rarts of the board is the +5V0ICy, 
GNI.» and 2114 memories. 


C3 Assuming that the comruter is orerating correctly, it is 
now time to connect the florrsys dise drives. 


CI Assumins that a Shugaert SASG00 comratible drive is being 
used, conmect rower to the drives. Using the 50 conductor cable 
sure tlied,s, attach a crimp on (INC) connector that matches your 
drive to the bare end of the cable. Flus this end onto the 
flores disk drive (noting rin #1). The other end of the cable 
is connected to Jl on the Bis Eoard. Flease be careful to 
observe that rin €1 ais connected rrorerly. All odd numbered 
Pins are sroundeds so 8a connector connected backwards could be 
trouble ! 


CI If sou are connecting more than one driver make sure 
that the drive select ortion (on the drive FCR) is Jjumrered 
correctly. Most new drives are received Jjumrered as drive #0, 
There should be only ONE drive #0» #15 etc. Refer to the drive 
data manual for additional information. 


C32 If vou do not have a Shusart SA800 comratible drives 
then you will have to cerefully examine your drive documentation 
glonst with the Eis Board schematics im order to correctly 
interconnect the two. Ususlly the incomreatibility lies in the 
fact thet some of the non-standard drive signals are located on 
different rins. 


CI Now arrly DC rower to the drives and Bis Board alons 
with AC rower to the drives (if reauired),. 


Ci Hit the RETURN Ley to sign on FFM. Exercise FFM some to 
insure that the comruter is STILL orerating rrorerly, 


Ci Insert in drive 0 an IBM compatible diskette that you 
consider EXPENDABLE (Just in case something goes wrongs). DO NOT 
use your Biss Koard CF/M diskette. Use PFM command R»x0001701 to 
see if data can be read from the diskette and that the head on 
the drive did load. If a disk error is indicateds refer to the 
PFM Users Marwal for an exrlaenation. 


CI Using PFM adains ture KO0r240:01. This command will 
cause the head to Seek to track 40 hex. You should be able to 
hear this head seeking action. If the head seekss and the data 
is reads then the disk controller is Frobably working 
correctly. 


CJ We recommend that you find another IBM comratible disk. 
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system (3a friend or a computer store) thet can be used to make a 
Back Ur cory of your CF/M system diskette. This cory MUST be a 
true bute for byte cory, 


CI Insert 3 cory of the CP/M system diskette (Bis KBoard 
version) aim drive OO. Tyre B Cand a RETURN) in PFM to Boot in 
CE/M. CF/M should sidn on now. 


Ci If CF/M does mot come urs then make sure that you have 
indeed inserted se CP/M (2.2) with a Bis Board BIOS. 


CI Also» if CF/M does not come urr you can use the FFM Kead 
command to verify that treck O sector 1 does contain the start 
of CP/M (a loader). 


C2 After CF/M is urs refer to their manuals im order to 
learn more about the CP/M conmands. 


BIG BOARD OPTIONS 
REAL TIME CLOCK (CTC) 


cI Install and solder an 8 fin connector at JB2. 

CI Install and solder @ 28 rin socket at UBB. 

CI Install the CTC chirp at U88B, 

CJ Refer to "CTC Strarring and 1/0 Asignments" in the 


theory of oreration. 


SERIAL I/70 OPTIONS 


CI Install and solder 3 40 rin socket at U1135. 

CI Install and solder four 14 rin sockets at UL15-118. 

CI Install and solder 4.7K ohm resistors at R45» S2. 

CI Install and solder sixteen 390 or 470 ef cars at 
0124-139, 

CI Install and solder 2 40 Pin connectors at JB4»y 5. 

C3 Install and solder two 26 rin comnmectors are J3, 4, 

CI Install two MC1488’s at U117,» 118. 

CI Install two MC1489 at U115, 116. 

CI Install the SIO/O at U113. 

CI Refer to the Jjumrers shown under “Serial I/0 Strarrins 


Ortions". Also refer to "Serial I/0 Connector Fin Assisnments" 
and the theory of oreration. 


CI A terical arrlication would be to connect a three wire 
serial device (such as an ADM-3A) to serial channel &. This 
would reauire umrers between reins 5-6 and 9-10 on JBS. This 
Properly directs date to and from the SIO and terminal through 
the RS232 buffers. 


Ci Now that s serial device is connected» refer to the FFM 
users manual for information as to assigning this device as the 
console I/0, 


PARALLEL I/0 OFTION 


C4 Install and solder R27-34, which are 10K ohm resistors. 
CI Install and solder a 40 Fin socket at UBS, 

oe Install and solder five 14 Fin sockets at U90-93» and 
ae 

CI Install and solder 2 40 Fin connector at JS. 

cI Install and solder a 16 Fin connector at JIBS. 

CI Install @ 741.886 in location U9S. 

C3 Install four 74LS243’s in U90-93. 

CI Install the FIO at U8?. 

CI Refer to the "General Furrose PIO Strarring and 


Connector Fin Assignments" for necessary information. Also read 
the theory of oreratian for additional date. 


SPLIT VIDEO OPERATION 
C] Refer to “Video Strarring Ortion*® and the theory of 


oreration for additional information. Also read the theory of 
oreration redarding the video section. 
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THEORY OF OPERATION 


CENTRAL PROCESSOR (SHEET 1) 


CLOCK GENERATOR: 


All the system clocks with the exception of the baud clock and the 
video dot clock are generated from a master oscillator operating at 20 
Mhz. Part of inverter U-77, biased into the linear region by 2000 ohms of 
feedback, serves as the active element of the oscillator. Another 
inverter, in the same package, buffers the output to prevent undesirable 
feedback and serves to lower the output impedence of the oscillator. 


The 20 Mhz clock is scaled by the divide-by-5 section of decade 
counter U-97 to provide 4 Mhz for use in the floppy disk data separator. 
The 2 Mhz clock for the disk controller is generated from the 4 Mhz clock 
by the remaining divide by two section of U-97. 


The 2.5 Mhz processor clock is generated by dividing the master 20 
Mhz clock by 8 with binary counter U-96-. The output of the third stage is 
buffered by inverter U-77 and transistor Q-1 to provide the rail to rail 
clock required by the 2-80. 


The column address strobe "CAS", and the address multiplexer 
control "MUXC", are derived from the 20 Mhz clock. When memory request 
"MREQ" is low and refresh "RFSH" is high, generation of "CAS" and "MUXC" 
is enabled. "“"RFSH" disables the generation of "CAS" and "MUXC" by holding 
shift register U-76 reset. This is done to take advantage of the low 
power row address strobe "RAS" only refresh mode of the 16 K dynamic RAMs. 


RESET CONTROLLER: 


Two types of reset take place on the board- Power on reset is 
detected and conditioned by part of hex schmitt inverter U-101- The 
pushbutton reset is also conditioned by a part of hex schmitt inverter 
U-101. The "D" type flip flop U-108 synchronizes the pushbutton reset 
with machine cycle one "M1" from the processor. The output of the flip 
flop triggers a 12 microsecond one shot U-106- Power on reset and 
pushbutton reset are or’ed together by U-81 and inverted by U-103 for use 
by the processor. The reset pulse is negative or’ed with "M1" by U-104 to 
generate a reset for the 2-80 family programmable I/O devices. A low on 
"M1" with read "RD" high will reset a PIO. 


BUS BUFFERING: 


Octal buffer U-82 buffers the control signals generated by the 
processor for use throughout the system. Quad transceivers U-78 and U-79 
mediate data transfers to and from memory. Two portions of U-87 control 
the direction of the data bus transceivers. During a memory read the data 
transceivers allow data from memory through to the processor, otherwise 
the processor always drives memory- Octal buffer U-65 drives the lower 8 
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bits of 
well as 
address 
W MREQ a 
address 
RAM if 


a 


the address bus. The octal latch U-83 serves a dual function. As 
buffering the upper 8 bits of the address bus, the latch holds the 
bus stable during the active portion of the memory request cycle 
During the latter portion of the "MREQ" cycle the 2-80 allows the 
bus to change. This could generate a false "RAS" to the dynamic 
it were not held stable. 


READ ONLY MEMORY: 


The board can accomidate up to 8 K of 2716 


‘s. 


O7FF HEX 
OFFF HEX 
17FF HEX 
1FFF HEX 


TO 
TO 
TO 
TO 


FROM 0000 HEX 
FROM 0800 HEX 
FROM 1000 HEX 
FROM 1800 HEX 


U-67 RESIDES 
U-68 RESIDES 
U-69 RESIDES 
U-70 RESIDES 


The description of the bank switching technique will be covered 


with the 64 K RAM theory of operation. 


PORT ADDRESS DECODING: 


based on the binary value of the address bits A2, 


low and 


Octal decoder U-85 is used to select the appropriate I/O device 
A3, & A4.- When A7 is 


operation. 


"MIR" is high, a low on "IORQ" will cause the appropriate output 

of the decoder to go low, selecting the I/O device for a read or write 

PORT 0-3 = CHANNEL A BAUD RATE (WRITE ONLY) 

PORT 4 = SIO CHANNEL A DATA 

PORT 5 = SIO CHANNEL B DATA 

PORT 6 = SIO CHANNEL A CONTROL 

PORT 7 = SIO CHANNEL B CONTROL 

PORT 8 = GP PIO PORT A DATA 

PORT 9 = GP PIO PORT A CONTROL 

PORT A = GP PIO PORT B DATA 

PORT B = GP PIO PORT B CONTROL 

PORT C-F = CHANNEL B BAUD RATE (WRITE ONLY) 

PORT 10 = 1771 STATUS/COMMAND REGISTER 

PORT 11 = 1771 TRACK REGISTER 

PORT 12 = 1771 SECTOR REGISTER 

PORT 13 = 1771 DATA REGISTER 

PORT 14-17 = CRT SCROLL REGISTER (WRITE ONLY) 

PORT 18 = CTC CHANNEL 0 

PORT 19 = CTC CHANNEL 1 

PORT 1A = CTC CHANNEL 2 

PORT 1B = CTC CHANNEL 3 

PORT 1C = SYSTEM DATA PORT 

PORT 1D = SYSTEM CONTROL PORT 

PORT 1E = KEYBOARD DATA PORT 

PORT 1F = KEYBOARD CONTROL PORT 


DISK TRANSFER SYNCHRONIZATION: 


between the processor and the disk controller, 
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interrupt "NMI" response was employed. During reads and writes to and 
from the disk controller, the data at memory location 66 hex is retrieved 
and stored. This location is overwritten with a RETURN instruction. 
After this setup is accomplished the processor executes a HALT 
instruction. When the processor is in a HALT condition, a DATA REQUEST 
(DRQ} or an INTERRUPT REQUEST (IRQ) from the disk controller will cause a 
non-maskable interrupt to be generated. The processor then executes the 
RETURN instruction at 66 hex and returns to transfer the data to or from 
the disk controller. When the 128 byte transfer is complete the old data 
is restored and the processor resumes normal operation. This hardware 
assistance obviated the necessity for a DMA device by eliminating the disk 
controller "DRQ" status test. 


CRT DISPLAY CONTROLLER (SHEET 2) 


VIDEO CLOCK GENERATION: 


Three inverters from U-11 are used to generate the video dot 
clock. The 14.31818 Mhz dot clock is divided by 7 to develop the 
character clock. Synchronus binary counter U-24 is preloaded with a 
binary 9 at each top count to accomplish the divide by 7 function. The 
character clock is divided by 128 by the 8 bit binary counter U-23 to 
develop the scan clock. In the process of developing the scan clock the 
intermediate outputs of U-23 develop part of the character address for the 
video RAM. Decade counter U-22 divides the scan clock by 10, 
simultaneously developing the line clock and the vertical component of the 
character matrix address. U-21 and part of U-9 work in conjunction to 
generate the frame clock and the line address for the video RAM. The two 
devices divide the line clock by 26 to generate the 60 hz frame clock. 

The second half of U-21 divides the frame clock by 16 to develop the 4 hz 
blink clock. 


VIDEO SCROLLING: 


In order to eliminate the delay associated with software 
scrolling, hardware assistance was employed. For ease of understanding, 
the CRT RAM resides from 3000 hex to 3FFF hex. Writing into the scroll 
register adds an offset to the line address developed by the line counter. 
The net effect is similar to the rotation of a cylinder whose axis is 
horizontal and perpendicular to the line of sight- The amount of rotation 
is determined by the magnitude of the number contained in the scroll 
register. For instance, an offset of zero puts the data at location 3000 
hex (of the CRT memory) at the bottom of the screen. If the offset was 
one, the data at 3000 hex would be displayed on the line next to the 
bottom. An offset of seventeen hex (23 decimal) puts the data at location 
3000 hex at the top of the screen. U-35 is the scroll register. It’s 
contents are added, modulo 24, to the line address by adders U-36 and U-34 
and part of and gate U-37. 


VIDEO RAM ADDRESSING: 


Multiplexers U-47, U-48, and U-49 select the source of the 
addresses for the video RAM. If the processor is doing a read or write to 
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video RAM "CRTCE" (CRT memory access enable) will go low. When "CRTCE" 
goes low, the address from the processor is selected instead of the 
address generated by the counter chain- This gives the processor access 
to the video RAM for read or write operations. U-50 maps the 12 bit 
address developed by the counter chain into the 2 K byte video RAM. 


SYNC GENERATION: 


Horizontal sync is generated by decoding the 80th count of the 
character counter U-23. The detection of this count triggers the 
horizontal delay one shot U-51. The period of the delay is determined by 
the formula: 


( Tw = 0.45 * Rt * Cext ) 
Rt is in K Ohms, Cext is in Pf, and Tw is in ns. 
the limits on Rt are 250 K > Rt > 5K. 


When the horizontal delay one shot times out, the H sync one shot is 
triggered. The formula for determining the timing components for the H 
sync one shot are the same as those for the horizontal delay- The 
vertical sync is generated between counts 24 and 26 of the line counter. 
The decode of line count. 24 triggers one shot U-38. The duration of the 
vertical sync pulse is also user selectable via proper selection of R-4 
and C-54. The formula for selection of these components is the same as 
the one used for the horizontal delay. 


CPU ACCESS OF VIDEO RAM: 


During read or write operations involving the video RAM and the 
CPU, "CRTCE" will go low. When "CRTCE" goes low the processor address bus 
is selected by multiplexers U-47 - U-49 as the address source for the 
video RAM. A low on "CRTCE" is also used as a term in the direction 
control logic for data bus access. Decoder U-86 controls the direction 
and activity of transceivers U-71 and U-72.- During a processor read 
operation, data from the video RAM at the specified address is allowed 
onto the processor data bus. During a processor write operation, data 
from the processor is written to the video RAM at the specified address. 


VIDEO GENERATION: 


While in the display mode, ASCII data from the video RAM and scan 
address data from decade counter U-22 are used to select the proper dot 
patterns from the character generator U-73. The dot information from the 
character generator is sampled by hex "D" flip flop U-74 at the next 
character time. While the next character is being accessed, the previous 
dot pattern is multiplexed out of U-74 by multiplexer U-75. Multiplexer 
U-75 feeds the video driver U-94. 


DISPLAY BLANKING: 
The display is blanked during horizontal retrace, vertical 


retrace, CPU access, and decode of scan counts 8 & 9. Blanking is 
accomplished by disabling the character generator. 
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64 K RAM AND BANK SWITCHING (SHEET 3) 


RAM ADDRESS MULTIPLEXING: 


The address from the processor is multiplexed to the RAM array by 
multiplexers U-58 and U-59- During a memory access the row address is 
presented to the array first. After the row address is stable the decode 
of A15B and A1l4B gated by "MREQ", generates the proper row address strobe. 
The decode of A15B and A1l4B is accomplished by octal decoder U-84. Nand 
gate package U-52 gates the decoder outputs with "MREQ" to generate the 
“RAS" for the appropriate 16 K block. After the proper setup and hold 
times for the row address have been met, "MUXC" goes high- A high on 
"“MUXC" switches the column address on to the RAM array- After the setup 
time is met "CAS" goes low and latches the column address into the 16 K 
block that received the "RAS". If the memory is being read, the data from 
the RAMs will be gated onto the data bus by transceivers U-54 and U-57. 

If the memory is being written to, data is routed from the processor’s 
data bus to the RAM array. 


REFRESH: 


During the refresh cycle, the 2-80 places the refresh address on 
the lower 7 bits of the address bus. When this address is stable in the 
RAM array, the "RFSH" pin on the 2-80 goes low. The active low "RFSH" 
generates a "RAS" on all RAMs via nand gate packages U-52 and U-53. An 
active "RFSH" disables the generation of both "CAS" and "MUXC". 


BANK SWITCHING: 


Bit 7 of port 1C hex is the bank switch control- When the output 
is high, the ROMs and the CRT display appear in the lower 16K block. When 
bit 7 of port 1C hex is low, all the 64K RAM is available to the 
processor. 
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FLOPPY DISK CONTROLLER: 


The 1771 (U-102) performs all the control functions required to 
interface to a floppy disk drive. The only support required by the 1771 
is external data separation, inverting data bus transceivers, head load 
timer, and buffering to and from the drive(s). 


DATA SEPARATOR: 
Presettable counter U-98 is used as a digital monostable with the 
timing reference developed by the system clock. Raw data coming from the 


disk drive is used to preload the counter. If the counter does not 
receive a data bit between clocks the counter in effect times out and 
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presents the controller with a logic zero. If the counter receives data 
between clocks, the controller will see a logic one on its data input. 


HEAD LOAD TIMING: 


When the 1771 activates the head load output, monostable U-106 is 
triggered. The 1771 samples the "HLT" until a logic one is detected. At 
this time the head is assumed to be loaded and stable. This time can be 
altered to accomidate the timing characteristics of diffrent drives- The 
formula for determining this time is the same as that used for the 
horizontal delay mono in the CRT controller. 


DATA BUS BUFFERING: 


Inverting transceivers U-99 and U-100 adapt the 1771 to the 
non-inverted Z-80 data bus. During a read operation, data from the 1771 
is allowed onto the processor’s data bus. Otherwise the processor’s data 
bus always drives the 1771’s data inputs. 


CONTROL BUS BUFFERING: 


U-105, part of U-82, and U-101 buffer the control, status and data 
to and from the 1771- In addition to buffering and isolation, U-101 and 
U-82 provide schmitt trigger characteristics for noise rejection. Refer 
to 1771 data sheet for detailed programming information. 


cTC: 


The CTC resides at ports 18 hex through 1B hex. All the inputs 
and outputs associated with the CTC are available to the user at JB~-2. 
Refer to the strapping option section for pin assignments. Refer to the 
CTC data sheet for detailed programming information. 


SYSTEM PIO: 


The system PIO resides at ports 1C hex through 1F hex- The "A" 
Side of the system PIO controls the floppy disk drive select, bank 
switching, disk power switching, sensing keyboard data available (for 
polled keyboard applications), and an uncomitted user definable I/O bit. 
The bit allocations are as follows: 


BITS 0, i, AND 2 CARRY THE DRIVE NUMBER IN BINARY 
BIT 3 IS USED FOR KEYBOARD DATA AVAILABLE 

BIT 4 IS USER DEFINABLE 

BIT 5 IS AN OPTIONAL “BEEPER’ OUTPUT 

BIT 6 CONTROLS A SOLID STATE RELAY FOR DRIVE A.C. 
BIT 7 CONTROLS THE BANK SWITCHING (0=RAM) 


The drive select information should be presented to the system PIO 
in the following manner: 


read port 1C hex to maintain system status data 
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mask off the lower 3 bits 
"or" in the desired drive number in binary format 
write the modified data to port 1C hex 


The "B" side of the system PIO is devoted to the keyboard. The 
keyboard port is seven bits wide and is fully buffered by schmitt 
inverters. After any reset, the CPU examines bit eight of the keyboard 
port (J-2 PIN 15) to see if a keyboard is present. If bit eight of the 
keyboard connector (J-2) is at ground potential, the keyboard will be 
assigned as the console device- If no keyboard is present, the SIO 
channel ’B’ will be assigned as the console. If the console device is 
assigned to the serial channel, depressing the carriage return key after 
reset will automatically set the baud rate. 


The keyboard strobe polarity is user selectable via JB-6 strapping 
option. Refer to the strapping option sheet for application information. 


GENERAL PURPOSE PIO AND SIO (SHEET 5) 


ee ee ee rere rs re 


The G-P. PIO provides the user with 16 bits of user definable 
input or output or a mix of input and output on nibble boundaries. The 
G-P. PIO resides at ports 08 hex - OB hex. The PIO will support all 
modes of interrupt supported by the 2-80. For detailed programming 
information refer to the 2-80 PIO data sheet. For applications 
information, refer to the strapping option section. 


SIO: 


The Z-80 SIO supports two full channels of serial I/O with the 
capability of supporting full RS-232 protocol on both channels. In 
addition, the A side of the SIO can provide clocks to synchronous modems 
or receive clocks from the modem. Both channels of the SIO can be 
configured to interface to a modem or a terminal- Refer to the strapping 
option sheets for detailed instructions. Refer to the SIO data sheet for 
programming information. After programming the SIO to perform synchronus 
data communication with one of the involved protocols, you are elegible 

for an honorary degree in high computereese.- Otherwise custom programming 
Services will be available at standard consulting rates from: 


J-B-FERGUSON 
1705 HOMEMAKER HILLS DR.- 
ARLINGTON, TEXAS 76010 


The "SYNC" pins on both channels of the SIO have been connected to 
the Rx data pins to facilitate baud rate selection. Utilizing this 
feature, the start bit duration can be timed, and the baud rate can be set 
accordingly- If you wish to use these pins for their origional 
intentions, the straps can be cut with no ill effect. 


BAUD RATE GENERATOR: 
The COM 8116 provides the user with two programmable baud rate 


generators. Channel A baud rate resides at port 00 hex and is write only. 
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Channel B baud rate resides at port OC hex and is also write only- The 
programming procedure is as follows: 


00 hex 
01 hex 
02 hex 
03 hex 
04 hex 
05 hex 
06 hex 
07 hex 
08 hex 
09 hex 
OA hex 
OB hex 
oc hex 
OD hex 
OE hex 
OF hex 


herdbuuu due dbue vb boa 


50 Baud 

75 Baud 
110 Baud 
134.5 Baud 
150 Baud 
300 Baud 
600 Baud 
1200 Baud 
1800 Baud 
2000 Baud 
2400 Baud 
3600 Baud 
4800 Baud 
7200 Baud 
9600 Baud 
19.2 Kbaud 


INTERRUPT STRUCTURE: 


All the 2-80 family devices on this board are capable of 


supporting mode 0, 1, and 2 interrupts. 


monitor delivered with the system. 


is loaded with OFF hex. 


follows: 


SIO CHANNEL A 
SIO CHANNEL B 
SYSTEM PIO PORT A 
SYSTEM PIO PORT B 


GP PIO PORT 
GP PIO PORT 
CTC CHANNEL 
CTC CHANNEL 
CTC CHANNEL 
CTC CHANNEL 


WNrFOWD LY 


POWER SUPPLY REQUIREMENTS: 


Mode 2 interrupts are used in the 
The I register in a unmodified system 
The priority chain is organized high to low as 


The board requires three power supplies: 


+5.0 volts at 3 amps 
+12.-0 volts at -25 amps 
-12.-0 volts at 0-20 amps 


It is STRONGLY recommended that quality power supplies be used. 
It is also recommended that over voltage protection be employed. The OvpP 


should be set at 1-25 times the rated voltage. 


should be set at 6.2V. 
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GENERAL PURPOSE PIO STRAPPING (JB4) AND CONNECTOR PIN 
ASSIGNMENTS (J5) 


rl i re tn i Re ete e i en e rent een Iran haan Rann knheathem iene rere Bean haan ander ae heen heme haem teiem kami anand kena) 





1 2 
all odd ome) port A STROBE 
numbered ome) port A READY 
Pins are oO port A bit 0 
grounded ome) port A bit 1 
ome) port A bit 2 
---all ground-- ome) port A bit 3 
15 ooo000000 1 ome) port A bit 4 
16 900900 0000 oO port A bit 5 
| laport A READY polarity 0 Oo port A bit 6 
--~-port B STROBE polarity ome) port A bit 7 
ss-5> port B READY polarity oO port B READY 
mmm port A STROBE polarity oO port B STROBE 
tea ieeteeteeteatenten port B upper direction oO port B bit 0 
coleatahedeatabateteteteel port B lower direction oO port B bit 1 
oleelanteetealetealentnteetenaten port A lower direction ome) port B bit 2 
olenteatentenhen niet besleateatenteatanl port A upper direction 0 Oo port B bit 3 
ome) port B bit 4 
oO port B bit 5 
ome) port B bit 6 
oO port B bit 7 
39 40 


If the “port A STROBE polarity" control pin (JB-4 pin 7) is not 
connected to JB-4 pin 8, a logic 1 on the “port A STROBE" input (J-5 pin 
2) will produce a logic 0 on the PIO "PASTB" input (U-89 pin 16). If JB-4 
pin 7 is connected to JB-4 pin 8 no inversion will occur. JB-4 pin 4 and 
JB-4 pin 3 affect “PBSTB" in exactly the same manner. 


If the "port A READY polarity" control pin (JB-4 pin 2) is not 
connected to JB-4 pin 1, a logic "0" on the PIO "PARDY" output (U-89 pin 
18) will produce a logic "1" on the “"PARDY" output at J-5 pin 4. If JB-4 
pin 1 is connected to JB-4 pin 2 no inversion will occur. JB-4 pin 5 and 
JB-4 pin 6 affect "PBRDY" in exactly the same manner. 


If the "port A upper direction" control pin (JB-4 pin 15) is not 
connected to JB-4 pin 16, J-5 pins 14, 16, 18, and 20 will all be inputs. 
The data on these pins will be applied to PIO pins 10, 9, 8, and 7 
respectively. If U-90, U-91, U-92, or U-93 is an 74LS243, the data will 
not be inverted. If inversion is desired, a 74LS242 should be used. 


If the "port A upper direction" control pin (JB-4 pin 15) is 
connected to JB-4 pin 16, J-5 pins 14, 16, 18, and 20 will all be outputs. 
The data at PIO pins 10, 9. 8, and 7 will be reflected at J-5 pins 14, 16, 
18, and 20 respectively- All direction control strapping options operate 
in the same manner. 


If the PIO is to be used as an output device, the appropriate 
direction options must be exercised. On power on, and all successive 
resets, the PIO wil? revert to the "input" mode- Refer to the PIO data 
sheet for programming procedure. 
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CTC STRAPPING AND I/O ASSIGNMENTS (JB2) 


eae 
SYSTEM CLOCK oo CLOCK/TRIGGER 0 
ZC-TOO o Oo CLOCK/TRIGGER 1 
ZC-TO1l 00 CLOCK/TRIGGER 2 
ZC-TO2 o 0 CLOCK/TRIGGER 3 

8 7 


all ground 
9 o@aoo0oon°0 i tl 


10 fe) 9 2 
} ---separate video 
 oteteaheten separate h.sync 
oleateaeateatantens separate v.sync 
ot en en on an on on n-c. 
Seqsgeseesear composite video 


VIDEO STRAPPING OPTIONS (JB1) 
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1 o ground 

2 o h-syne inversion control 
3 o h-syne output 

4 o composite video strap 

5 o composite video strap 

6 o v-syne output 

7 oO ground 

8 o v-syne inversion control 
9 o ground 
10 o video inversion control 
11 o ground 


with no strapping options exercised: 
inverted video 
negative h.sync 
negative v.sync 
for positive h-sync connect pin 1 to pin 2 
for positive v-sync connect pin 8 to pin 9 
for positive video connect pin 10 to pin 11 


for composite video: 
connect pin 10 to pin 11 
connect pin 3 to pin 4 
connect pin 5 to pin 6 
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install R-21, R-25, R-26, Q-1, and R-20 
install a 33 pf capacitor next to R-21 


SERIAL I/O CONNECTOR PIN ASSIGNMENTS (J3 = B CHAN, J4 = 
A CHAN) 


Sema tenten ean Rean Repke tea heehee tetenien keto h oat kt et ek rr re ee ed et td 


----PROTECTIVE GROUND 
(oe) 1 
fo) 


fe) 
? o 14 
] coleaheteatanien TX CLOCK 


mene nnn RX CLOCK 





SERIAL I/O STRAPPING OPTIONS (JB4 = A CHAN, JB5 = B 
CHAN ) 


Ce ee rr tt tt dd rr) 


ONLY CHANNEL A IS CAPABLE OF ULITLIZING BAUD CLOCKS FROM AN 
EXTERNAL DEVICE OR OF PROVIDING BAUD CLOCKS TO AN EXTERNAL 
DEVICE. WHEN PROVIDING THE BAUD CLOCK TO THE EXTERNAL 
DEVICE, THE SIO MUST USE THE SAME CLOCK SOURCE. 


ten aoe or a a nn a on BAUD RATE GENERATOR SUPPLIES MODEM WITH TX CLOCK 
ween en nn-- MODEM SUPPLIES SIO WITH TX CLOCK 
oon BAUD RATE GENERATOR SUPPLIES SIO WITH TX CLOCK 
won--- MODEM SUPPLIES SIO WITH RX CLOCK 


----BAUD RATE GENERATOR SUPPLIES SIO WITH RX CLOCK 
| ~-BAUD RATE GENERATOR SUPPLIES MODEM WITH RX CLOCK 
39 0 Oo C0O0O0O0C0O0Oa0O0Oaa oOo 1 
400 ooaoo00000 ° oOo 2 
SIO CHAN A | aa (M) RXD TO PIN 3 
ONLY | | | ELE LT | f fo leeeecee-- (T) TXD TO PIN 2 


Rena (M) TXD FROM PIN 2 
sahehehahahahatanabetanatas (T) RXD FROM PIN 3 

iaininienelaietananenabaiatal (M) CTS TO PIN 5 

none nena aren nnn (T) RTS TO PIN 4 
sahadeaieateateaieieatetaieaiatetataeaia (M) RTS FROM PIN 

ai aneinintatainnateneananetanenananane (T) CTS FROM PIN 

i talalnietatenabntateetatmiananabanaanatane (M) DCD TO PIN 8 
more n nnn n nnn anne nnnnn- (T) DTR TO PIN 20 
eon ee nnn nnn n nner nnn nncrnn (M) DTR FROM PIN 20 
Sone nnnnn nnn nnn nnn nanan nnn (T) DCD FROM PIN 8 


On & 


DATA SET READY IS ACTIVE ON BOTH CHANNELS 
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LEGEND 


(M) INDICATES MODEM (DATA COMMUNICATIONS EQUIPMENT) FUNCTION 
(T) INDICATES TERMINAL (DATA TERMINAL EQUIPMENT) FUNCTION 


FOR INSTANCE, EXERCISING THE (T) STRAP OPTIONS WILL ALLOW COMMUN- 
ICATION WITH A MODEM. EXERCISING THE (M) STRAP OPTIONS WOULD 
ALLOW COMMUNICATION WITH A TERMINAL. 


TXD=TRANSMITTED DATA 
RXD=RECEIVED DATA 
RTS=REQUEST TO SEND 
CTS=CLEAR TO SEND 
DTR=DATA TERMINAL READY 
DCD=DATA CARRIER DETECT 


KEYBOARD STROBE POLARITY STRAPPING OPTION 


ee er err reer er tr re) 


JB6 IS LOCATED DIRECTLY BELOW U111 (KEYBOARD PIO) 
STRAP CENTER PAD TO LEFT PAD FOR POSITIVE STROBE 
STRAP CENTER PAD TO RIGHT PAD FOR NEGATIVE STROBE 


KEYBOARD CONNECTOR PIN ASSIGNMENTS (J2) 


ee ee rr Tt eed 


BIT 7 ececesnrcccccsss)  pramscrensnna- BIT 6 
BIT 8 eoeeeeeneerer=, | | prom tereccn- BIT 5 
STROBE cecsseesesnn, FL ob fo poosscnco- BIT 4 
$412V  weeererrnnrn, | ot | of to foo yp cere BIT 3 
“12V00 wer fee: seen anice BIT 2 
* $5V 0 -ee- | | ---BIT 1 
25 ° 000 fe) b 1 
26 9000 COoO0O0O0Oa0Oa0O00 2 
+sy ----l | 
-12V ee ee en ee PINS 2,4,6,8,10,12,14,16 
412V coerce ARE ALL GROUND 
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DISK CONNECTOR PIN ASSIGNMENTS (J1) 


Re init ie ei hee heh eon 





SELECT 2-------------------- nnn nnn, errr nnn SELECT 3 

SELECT 1------ n-ne nnn nnn nn nn nnn nnn, ff een STEP IN 

SELECT Qeeec een renner nnn ener nnnrnnrn | poof | pat ectett cece STEP 

READY meee e ee nen nnnnnn, of ft ff of pete cece WRITE DATA 

INDEX-3------- nnn nnn nnn, ft Et | to] | pet eeeeene WRITE 

HEAD LOAD-------e---------, | |ooot to] tod of od fo presen TRACK 0 

LOW CURRENT--- | | -----WRITE PROTECT 
ae eee ee ©c000000000 oo 50*RAW DATA 
l o00000000000000000000 0000 49 


ALL ODD NUMBERED PINS ARE GROUNDED 


POWER CONNECTOR PIN ASSIGNMENTS (TB1) 


eee re er ee err er er td eed 


aj 3yehawse ] | | f-- GP 1/0 

eh) ee ee ee er rere DISK AC CONTROL 
Los ndosenauene RESET RETURN 

$1 2V-nennnnnnnnnnnnn--! 0 | ----------------- RESET 
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PFM-80 USERS MANUAL 


~-INTRODUCTION-- 


The PFM-80 monitor is the basic control program for the BIGBOARD 
Single-board computer. It begins execution when the computer is first 
turned on, or whenever the reset button is pressed, and resides in the top 
4K of memory. 


The monitor provides two essential functions for the system. It 
is the "software front panel" of the computer and it contains the routines 
that initialize and control all the basic system input/output resources. 
The "front panel" functions of the monitor include commands to display and 
alter the contents of memory and I/O ports, to begin execution at a given 
address, and to bootstrap programs from disk. The basic I/O functions of 
PFM-80 provide driving routines for the built-in CRT display and keyboard 
input, the external RS-232 serial terminal, the floppy disk controller, 
and the real-time clock. In this capacity the monitor is always active, 
even when application programs like the CP/M * disk operating system have 
control of the CPU. 


The following sections of this manual will explain how to use the 
console monitor commands, what facilities are provided by the resident I/O 
handlers, and how to interface applications programs to the monitor. 


CONSOLE MONITOR COMMAND SUMMARY 


The PFM-80 monitor enters the command mode after it has 
initialized the system following a power-on or pushbutton reset. The 
following sign-on message is displayed on the console output device as an 
indication that the monitor is ready to accept commands. 


-. system reset .. 


: Commands consist of a single character command name and zero to 
three hexadecimal numeric parameters separated by commas or spaces. The 
command line may by entered using upper case or lower case letters. A 
carriage return is used as the terminator. Errors within a line can be 
corrected by typing control-H to delete the last character or control-X to 
delete the entire line. If a line is entered with an unknown command 
name, an invalid number or parameters or an out-of-range parameter, an 
error message will be displayed and the command will not be executed. 


The user may wish to halt long running commands like the memory 
dump before they are finished. This can be done by typing carriage return 
while the command is doing output. Output can also be frozen temporarialy 
and then re-started by typing repeatedly on the space bar. 


The following table summarizes the monitor’s command set- The 
items enclosed in angle brackets represent the numeric parameters expected 
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by the command. A detailed description of each command is provided in the 
the following pages. 


command format 

d(ump) «.-.-- D <start>,<end> 

m(emory) ---- M <address> 

t(est) ...-.. T <start>,<end> 

£(ill) .-... F <start>,<end>,<constant> 

clopy) «..-.- C <source_start>,<source_end>,<dest_start> 
v(erify) ~-e» V <source_start>,<source_end>,<dest_start> 
g{oto) ..... G <address> 

rlead) .-.e.6. R <unit>,<track>,<sector> 

b(oot) «.--+. B 


i(nmput) .... 
o(utput) ... 


<port> 
<port>,<data> 


On 


1) DUMP COMMAND 


The dump command outputs a tabular display of the contents of 
memory in hexadecimal and ASCII representation. Each display line has the 
following format; 


AAAA DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD cecceccecccccccce 


where AAAA is the starting memory address of the line in hexadecimal, the 
DD’s are the hex values of the 16 bytes of data starting at location AAAA, 
and the C’s are the ASCII characters equivalent to each data byte. Bytes 
less than 20 hex are replaced in the ASCII portion of the dump by periods. 


The dump command accepts zero, one or two address parameters. If 
two addresses are specified, the block of memory bewteen those two 
locations will be displayed. Entering only one address will display 256 
bytes of memory starting at the specified location. Typing °D’ with no 
parameters will cause the routine to display the 256 byte block of memory 
starting at the last address displayed by the dump command. 


2) MEMORY COMMAND 


The memory examine/change command allows the contents of 
individual memory locations to be read from and written into using the 
monitor. This command accepts one parameter representing the memory 
address at which to begin examining data- The display format is as 
follows; 


AAAA DD _ 
where AAAA is the current memory address and DD is the hexadecimal value 
of the data in that location. After displaying the contents of a memory 


location, the routine waits for one of the following items to be input 
from the console. 
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- Typing a carriage return will cause the routine to display the data 
at the next memory location, with no modification of content. 


- Typing a minus sign will have a similar effect, except the address 
is decremented instead of incremented. 


- Typing a two digit hexadecimal number will cause that number 
to be stored at the displayed address. The new data is stored 
as soon as the second digit is entered, with no terminating 
character required. , 


- Typing any character other than carriage return, a minus sign 
or a hexadecimal digit will cause the command to terminate. 


3) TEST COMMAND 


This command allows the user to test memory for errors caused by 
defective 16K memory chips, solder bridges and various other problems. 
Any portion of memory may be tested except the area reserved for the 
monitor (F000 to FFFF hex). Two parameters are required from the user; 
the starting address and ending address of the memory block to be tested. 
Only the high order 8 bits of the addresses entered are actually used 
however, due to a characteristic of the test algorithm being employed. If 
no errors occurr, the test routine will output a plus sign every time a 
test pass is done- A total of 256 plus signs must be output for all 
possible test patterns to have been tried. When errors are detected an 
error line will be output in the following format; 


AAAA DD should=Xx 


where AAAA is the address of a location that fails to test, DD is the data 
read back from that location, and XX is the test pattern that was written 
there. 


4) FILL COMMAND 


The fill command allows blocks of memory to be filled with a fixed 
data constant. Three parameters are required in the command line; a 
.Starting memory address, an ending address and a fill constant. Each 
location in the specified block of memory has the constant written into it 
and then read back again to check for memory errors. An error line like 
the one described for the °T’ command is printed for any locations that 
fail to verify. 


5) COPY COMMAND 


The copy command allows blocks of data to be moved around in 
memory. Three parameters are required in the command line; a starting 
memory address, an ending address, and a destination address. The 
contents of the block of memory bounded by the first two addres 
copied to the block starting at the third address. As with the fill 
command, a test is made to verify that each byte of the destination block, 
when read back, is the same as the corresponding byte in source block. 
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6) VERIFY COMMAND <<H1IS CommAND De LeTED > 


The verify command allows the contents of two blocks of memory to 
be compared with each other byte by byte. This command has the same 
syntax as the copy command. Each byte in the source block is compared 
with the corresponding byte in the destination block- Any locations that 
are not the same will cause a memory error message line to be displayed. 
If both blocks are identical nothing is output and control simply returns 
to the monitor. 


7) GOTO COMMAND 


The goto command allows control of the CPU to be passed to another 
program by the monitor. This command requires a single parameter from the 
user representing the address at which to begin execution. The monitor 
actually passes control to the specified location by executing a CALL 
instruction. This makes it possible for the external routine to return to 
the monitor by doing a RET, assuming it does not re-load the stack pointer 
and loose the return address to the monitor. 


8) READ COMMAND 


The read command allows individual disk sectors to be read into 
memory and displayed on the console. Three parameters are required; a 
drive unit number (range 0 to 3), a track number (range 0 to 4C) anda 
sector number (range 1 to 1A)- The command routine performs a drive 
select, track seek and sector read sequence using the supplied parameters. 
If no errors occur, the contents of the input buffer will be dumped out in 
the °D’ command format. In the event of a disk error, a diagnostic 
message will be printed in the following format; 


disk error XX UAA TBB SCC 


Where XX represents the 1771 disk controller error status code, AA is the 
unit number, BB is the track number, and CC is the sector number. The 
error code is composed of eight bits of status information as described in 
the tables below. 


bit read/write seek/restore/select 
7 drive not ready drive not ready 
6 write protected unused 
5 write fault unused 
4 record not found seek error 
3 cre error cre error 
2 lost data cannot restore 
1 unused unused 
0 always=l1 always=0 


The least significant bit of the error code indicates which of the 
above sets of error conditions is applicable. If the LSB=1 the disk error 
was generated by a read or write operation, otherwise it was caused by a 
seek, restore, or select operation. 
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9) BOOT COMMAND 


The boot command is used to load and begin execution of a one 
sector long bootstrap loader from the first sector on drive unit zero. 
The most common use of this command will be to boot up the CP/M * disk 
operating system, although it is not necessarialy restricted to this 
purpose only. 


The boot works by reading the contents of track 0, sector 1 into 
memory at location 80 hex and then jumping to that address to start 
execution of the code just read in- Normally the routine on sector 1 will 
be a small loader that in turn reads in a larger program such as the 
operating system. This two level bootstrap process makes the boot command 
more application independent. The only requirements are that the first 
sector of the boot diskette be reserved for a loader and that the bottom 
256 bytes of memory are not written over by the program being loaded. 


10) INPUT COMMAND 


This command allows the contents of input ports to be read from 
using the monitor. It operates very much like the memory examine command, 
except that input ports are being examined instead of memory locations. A 
single parameter representing a port number is expected in the command 
line. The contents of adjacent ports can then be examined by typing 
carriage return or a minus sign as in the °“M’ command. Typing any other 
key will cause the routine to terminate. 


11) OUTPUT COMMAND 


The output command is provided to allow output ports to be written 
to using the monitor. Two parameters are expected in the command line; a 
port number and a data byte to be output to that port- Both parameters 
should be between 0 and FF hex. After outputting the specified data to 
the port, this routine simply returns to the monitor instead of stepping 
to the next location like the input command. This makes it possible to 
use the output command to initialize 2-80 peripheral devices like the SIO, 
PIO and CTC. 
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MONITOR RESIDENT I/O DRIVER FUNCTIONS 


This section describes the facilities available in the PFM-80 
monitor for controlling the input/output resources of the BIGBOARD 
Ssingle-board computer. 


1) INTERRUPT PROCESSING 


The PFM-80 monitor takes advantage of the powerful interrupt 
handling capabilities of the Z-80 microprocessor. Interrupts are utilized 
in the I/O drivers for the console keyboard input, the real-time clock and 
the floppy disk controller- All necessary initialization tasks and 
interrupt service routines for these devices are contained in the monitor. 


For the most part, the operation of the interrupt mechanism should 
be transparent to most applications programs that will run under PFM-80. 
A few precautions must be taken however, to insure that user written 
software does not adversely effect the operation of the system. The 
following list describes the major hazards to the interrupt system; 


- Interrupts should not be disabled permanently by user code, 
as this will lock-up the console input and real-time-clock routines. 


- The Z-80 ‘I’ register should never be altered. Doing so is 
GUARANTEED to crash the system. 


~ The CPU operates in 2-80 interrupt mode 2 and should not be 
switched to either of the other two interrupt modes. 


~ Adequate stack space must be reserved in user programs to 
allow at least one level of stack for interrupt return addresses. 
Use of the stack pointer for “trick” programming purposes is 
highly discouraged for the same reason. 


The monitor initializes the 2-80 “I” register to point to the 
system interrupt vector table at location FF0O0 to FFIF hex- This table 
contains pre~assigned vector locations for all the peripheral devices on 
BIGBOARD, including those that are not used by any built-in functions in 
PFM-80. The devices that are not currently used include SIO channel A, 
‘the general purpose PIO and CTC channels 0 and 1- These ports can be 
initialized and used as needed without affecting the overall system 
operation. Consult the monitor variables table at the end of this manual 
for the vector addresses. 


2) MEMORY MAPPED VIDEO DISPLAY 


The BIGBOARD single-board computer is eguipped with a built-in 80 
character by 24 line CRT display controller, for use with an external 
video monitor as the system console output device. The refresh memory for 
the CRT is bank switch-able from the system’s 64K byte memory space and 
includes a hardware address translation circuit for high speed scrolling. 
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The PFM-80 monitor contains an output driver routine for the CRT 


that emulates the characteristics of a typical stand-alone video terminal. 
The control character set recognized by this routine is upwardly 
compatible with that of the well known Lear Siegler ADM3-A-. An 


Op 


erational summary of the CRT driver is given below. 


All character codes between 20 and 7F hex are directly displayable 
on the screen. Characters are formed in a 5*7 dot matrix. 


New characters are stored on the screen at the location occupied by 
the cursor. The cursor is then moved one place to the right. 


If the cursor must appear at a screen position occupied by a 
non-blank character, the presence of the cursor will be indicated 
by making the overlayed character blink on and off. 


If a displayable character is output when the cursor is in the 
right-most column of the screen, an automatic carriage return and 
linefeed is generated afterwards. 


If a linefeed is output when the cursor is on the bottom line of 
the screen, the entire display is scrolled up one line and a new 
blank line is created on the bottom. 


All character codes between 00 and 1F hex are interpreted as 
control characters. Only 14 of these codes have some effect 
on the CRT display, and are described in the table below. 
The remaining 18 are treated as nulls. 


CODE KEY NAME EFFECT 


tied Pad —— aw cere we 


00 “@ NUL - NONE 

01 “A SOH - NONE 

02 “B STX - NONE 

03 “Cc ETX - NONE 

04 “D EOT ~- NONE 

05 “E ENQ - NONE 

06 “F ACK - NONE 

07 “G BEL ~- AUDIBLE BELL 

08 “H BS - BACKSPACE OR CURSOR LEFT 
09 “I HT - HORIZONTAL TAB 
OA “J LF - LINEFEED OR CURSOR DOWN 
0B “K VT - CURSOR UP 

oc “L FF - CURSOR RIGHT 

OD “M CR ~- CARRIAGE RETURN 
OE “N SO - NONE 

OF “Oo SI - NONE 

10 “Pp DLE - NONE 

a1 *Q DC1 - NONE 

12 “R DC2 - NONE 

13 e DC3 - NONE 

14 2 DC4 - NONE 

15 “U NAK - NONE 

16 “V SYN - NONE 
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17 “W ETB ~ CLEAR TO END OF SCREEN 

18 “xX CAN ~ CLEAR TO END OF LINE 

19 oN, EM - NONE 

1A “2 SUB ~ CLEAR SCREEN 

1B ~[ ESC - ESCAPE SEQUENCE 

1c =X FS - NONE 

1D *] GS - NONE 

1E a RS - HOME CURSOR 

1F eer VS - DISPLAY CONTROL CHARACTER 
Bell: 


Generates a 10 microsecond pulse which can be used with external 
hardware to produce an audible ‘BELL’ sound. 


Backspace: 


Moves the cursor to the next column to the left. If the cursor is 
in the leftmost column of the screen, this character has no effect. 


Tab: 


Moves the cursor right to the next tab stop- The tab stops are 
fixed at every eighth column, starting from the left. 


Linefeed: 

Moves the cursor down one line on the screen. If the cursor is on 
the bottom-most line, the screen is scrolled up and a blank line is 
created on the bottom. The top line is lost. 


Cursor Up: 


Moves the cursor up one line on the screen. If the cursor is on 
the top of the screen it rolls around to the bottom. 


Cursor Right: 


Moves the cursor to the next column to the right. If the cursor 
is in the rightmost column, there is no effect. 


‘Carriage Return: 


Moves the cursor to the left-most column of the screen. 
Clear To Eos: 


Clears the contents of the screen from the current cursor position 
to the end of the bottom line. 
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Clear To Eol: 


Clears the contents of the line the cursor is on, from the cursor 
position to the end of the line. 


Clear Screen: 


Clears the entire screen regardless of the current cursor position 
and places the cursor in the top-left corner of the screen. Also 
re-initializes the CRT driver subroutine. 


Escape: 


Used to initiate an XY cursor positioning sequence. the cursor 
can be moved to an arbitrary location on the screen by outputting a 4 
character sequence composed of 1) escape, 2) equals sign, 3) row# 
character and 4) column# character. The row/column number characters are 
formed by taking the desired row# (range=0. to 23) or column# (range=0 to 
79) and adding 20 hex to it. 


Home Cursor: 


Moves the cursor to the top-left corner of the screen, without 
altering any characters on the display. 


Display CC’s: 


Functions as a prefix character to force the output of symbols in 
the character generator that correspond to ASCII control characters. The 
next character output to the CRT after outputting a 1F hex will be 
displayed on the screen regardless of its numeric value. 


3) PARALLEL KEYBOARD INPUT 


A parallel keyboard interface is provided on BIGBOARD for systems 
that will use the built-in keyboard and CRT display as the console I/0 
device. This interface is designed to connect to an ASCII encoded 
keyboard with 7 bits of parallel data and a key-pressed strobe. 


The PFM-80 monitor contains an interrupt driven input handler for 
the keyboard that maintains a 16 character deep FIFO buffer for input 
data- This makes it possible to do a considerable amount of typing ahead 
without any input characters being lost. If characters are typed while 
disk access is going on, they may be lost because the disk routines lock 
out all lower priority interrupts. Any characters recieved when the FIFO 
is full will also be lost, in which case the interrupt handler will output 
a bell (07 hex) to the console output device as a warning. 


The keyboard input handler contains a software shift lock 
mechanism as a convenience for users whose keyboards may not have a 
hardware shift lock. The keyboard input routine utilizes a user defined 
character (set to 00 hex on reset) as the shift lock. When this character 
is input from the keyboard it is not stored in the FIFO, but is used to 
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cause a software flag to be toggled on and off- Any time a character is 
recieved when this flag is turned on, the character will be shifted to the 
opposite case- Characters with values lower than 40 hex are not affected 
by the shift lock mechanisn. 


4) FLOPPY DISK CONTROLLER 


The system is equipped with an on-board floppy disk interface 
capable of controlling up to four Shugart compatible 8 inch drives. The 
interface hardware is based on a Western Digital 1771 disk controller 
chip, along with extra TTL support circuitry to provide buffering, drive 
select, head load timing and data separator functions. An optional drive 
motor on/off control is also available. 


The PFM-80 monitor contains a complete I/O driver package for the 
disk controller. Linkage to the disk I/O routines in the monitor is 
provided by a set of subroutine entry points described later in this 
Manual. The basic functions available are; drive select, restore, seek 
track, read sector, and write sector. The user can also specify the 
track-to-track seek stepping rate, and the sector record length. 


All disk functions are verified upon completion, with the final 
status being returned in the A register. If the command was executed 
successfuly, then A will contain all zeros on return, otherwise it will 
contain an error status byte as described above under the console monitor 
“R’ command. The disk driver routines will attempt to recover from any 
disk I/O errors that occurr, so it is generally not necessary for user 
written programs to try to re~-execute commands that fail the first time. 


5) SERIAL INPUT/OUTPUT OPTION 


The BIGBOARD single-board computer has provisions for an optional 
serial I/O capability if the 2-80 SIO and its related support chips are 
installed. These components provide two completely independent RS-232 
serial ports that can be used to interface to printers, CRT terminals and 
data communications equipment. Although the SIO is optional, it can be 
used with an external terminal to replace the built-in keyboard and CRT 
display as the system console I/O device. 


On power-on reset the PFM-80 monitor determines which type of 
console I/O has been selected and configures the system accordingly. If 
serial I/O is selected, the monitor initializes SIO port B for 
asynchronous operation and waits for a carriage return to be typed in 
order to measure the baud rate of the terminal being used- Once the baud 
rate is set, the system behaves just as it would with the built-in 
console. Recieved characters generate interrupts and are buffered ina 
FIFO as described for the parallel keyboard. 


If the built-in console I/O is being used, the SIO is not required 


to be installed in the system, but it is still initialized by the monitor 
for optional use as a printer port- In this case the SIO is also 
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programmed for asynchronous operation, but the baud rate is set to 300 
and the interrupts are not enabled. A set of entry points for doing 
simple polled I/O with the SIO is provided in the monitor for use in this 
configuration. In both of the configurations mentioned above, the SIO is 
programmed to transmit and recieve 7 bit words, with odd parity, and 1 
stop bit. 


6) REAL TIME CLOCK OPTION 


The BIGBOARD single board computer has provisions an optional 2-80 
CTC device that can be used to generate the timebase for interrupt driven 
timers, real-time clocks, and other time keeping functions- If a CTC is 
installed on the board, the monitor will initialize CTC channels 2 and 3 
to interrupt the processor once a second. Chanels 0 and 1 of the CTC are 
not initialized and can be used for other purposes. 


The one second interrupt from the CTC is utilized by the the 
monitor’s disk I/O routines to implement the optional disk motor turn-off 
function. If 30 seconds elapse with no disk I/O activity, the monitor 
will turn on an output bit that is connected to the pin marked ‘DAC’ on 
BIGBOARD’sS power sypply connector. This can be wired to an optically 
isolated AC relay that controls the power to the disk drives. Power will 
be turned back on automatically when the next disk command is issued. 


7) PARALLEL I/O OPTION 


An optional 2-80 PIO chip has been included on BIGBOARD for 
general purpose I/O interfacing. This device is not required to be 
installed in the system and is completely unused by any built-in 
functions. the PIO contains two independent 8 bit parallel I/O ports that 
can be used to interface to printers, ROM programmers, analog converters, 
other computers, or just about anything else imaginable. Those interested 
in using the PIO should consult the schematic drawings for any needed 
hardware interfacing details. Data about programming the PIO can be found 
vin most Z-80 applications manuals. 
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USER ACCESSABLE MONITOR ROUTINES AND VARIABLES 


This section gives the locations and calling sequences of the user 
accessable I/O routines in the PFM-80 monitor- It also describes a number 
of important monitor variables that may need to be accessed by user 
written programs. 


PFM~-80 subroutines are accessed via a table of JUMP instructions 
beginning at memory location F000 hex. All monitor calls should be made 
to these entry points, since the actual addresses of the routines inside 
PFM-80 will vary between different releases. Parameter passing 
conventions for the monitor fall into one of two groups. The character 
oriented I/O routines all pass data using the A register, while the disk 
routines pass parameters in C and HL and return status information in A. 


Storage for the monitor’s stack and working variables occupies the 
top 256 bytes of memory, from FF0O0 to FFFF hex- The mode 2 interrupt 
vector table takes up the first 32 bytes of this block and the stack 
starts at the very top- In between, are variables used by the monitor 
resident I/O drivers and interrupt service routines, some of which are 
described below. Programs should not attempt to write into any locations 
in this block that are not specifically mentioned below. 


1) PFM-80 SUBROUTINE ENTRY POINTS 


F000 ENTO: JP INIT +7PFM-80 cold start entry 
F003 ENT1: JP PROMPT ;PFM-80 warm start entry 
F006 ENT 2: JP CONST console input status test 
F009 ENT3: JP CONIN console input 

FOOC ENT4: JP CONOUT ;console output 

FOOF — ENT5: JP CRTOUT ;memory-mapped CRT output 
F012 ENT6: JP SIOST 7SIO port B input status test 
F015 ENT?7: JP SIOIN 7SIO port B input 

F018 ENT8: JP SIOOUT ;SIO port B output 

FO1B ENT9: JP SELECT ;disk drive select 

BOLE ENT10: JP HOME y;restore to track 0 

F021 ENT11: JP SEEK 7;seek track 

F024 ENT12: JP READ read sector into memory 


F027 ENT13: JP WRITE swrite sector from memory 
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FUNCTION PARAMETERS DESCRIPTION 
COLD .... IN: none Perform cold start initialization 
OUT: does not return of PFM-80 monitor and enter 


command mode. 


WARM .--- IN: none Enter PFM-80 monitor command mode 
OUT: does not return with no re-initialization. 

CONST .-- IN: none Test for data ready in console 
OUT: status ina input FIFO and return status in 


A. If data is available then A=0, 
else A=FF hex. 


CONIN .-- IN: none Return character from console input 
OUT: character inA FIFO in A. If FIFO is empty then loop 
until character is input. 
CONOUT .- IN: character inA Output character passed in A to the 
OUT: none console output device. 
CRTOUT .. IN: character inA Output character passed in A to the 
OUT: none memory-mapped CRT display. 
SIOST ..-. IN: none Test for recieved data available from 
OUT: status in A STO channel B and return status in A. 
if data is available then A=0, else 
A=FF hex. 
SIOIN .-- IN: none Return recieved data from SIO channel 
OUT: character in A B in A. Loop until data is recieved 


if none is available on entry. 


SIOOUT .. IN: character inA Output character passed in A to SIO 
OUT: none channel B transmit register. 

SELECT ..- IN: unit number in C Select specified drive for future 

‘ OUT: status in A restore, seek, read or write command. 


If the drive is not ready, then the 
currently selected drive is left on. 


HOME...-- IN: none Move read/write head to home position 
OUT: status in A at track 0 And verify if it got there 
SEEK .--- IN: track number in C Move read/write head to specified 
OUT: status in A track And verify if it got there. 
READ ..-- IN: sector number in C Read specified sector on current 


buffer pointer in HL track into memory data buffer. 
OUT: status in A 


WRITE ..-- IN: sector number in C Write specified sector on current 


buffer pointer in HL Track from memory data buffer. 
OUT: status in A 
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2) STORAGE ALLOCATION FOR PFM-80 VARIABLES 


{ INTERRUPT VECTOR TABLE } 


FFOO SIOVO: DEFS 2 7SIO port B xmit buffer empty 

FFO2 SIOV1: DEFS 2 7SIO port B external/status change 
FFO4 SIOV2: DEFS 2 7SIO port B recieve data available 
FFO06 SIOV3: DEFS 2 7;SIO port B special recieve condition 
FFO8 SIOV4: DEFS 2 7SIO port A xmit buffer empty 

FFOA SIOv5: DEFS 2 7SIO port A external/status change 
FFOC SIOV6: DEFS 2 7SIO port A recieve data available 
FFOE SIOV7: DEFS 2 7;SIO port A special recieve condition 
FF10 cCTCVO: DEFS 2 ;CTC channel O interrupt 

FF12 CTCV1: DEFS 2 7;CTC channel 1 interrupt 

FF14 CTCV2: DEFS 2 7;CTC channel 2 interrupt 

FF16 CTCV3: DEFS 2 7CTC channel 3 interrupt 

FF18 SYSVA: DEFS 2 system PIO port A interrupt 

FFIA SYSVB: DEFS 2 7system PIO port B interrupt 

FF1IC GENVA: DEFS 2 7general purpose PIO port’A interrupt 
FFIE GENVB: DEFS 2 7general purpose PIO port B interrupt 


{ CONSOLE KEYBOARD INPUT VARIABLES } 


FF20 FIFO: DEFS 16 sinput data fifo buffer 
FF30 FIFCNT: DEFS 1 snumber of characters in FIFO 
FF 33 LOCK: DEFS 1 ;Character used for software shift.loc 


{ REAL-TIME-CLOCK VARIABLES } 


FF5D TIKCNT: DEFS 2 ;binary one second interrupt, counter 
FPFSF DAY: DEFS 1 ;calendar day 

FF 60 MONTH: DEFS 1 7;calendar month 

FF 61 YEAR: DEFS 1 ;calendar year 

FF61 HRS: DEFS 1 clock hours 

FF63 MINS: DEFS 1 7Clock minutes 

FF64 SECS: DEFS 1 Clock seconds 


{ DISK INPUT/OUTPUT DRIVER VARIABLES } 


FF6A SPEED: DEFS 1 strack to track stepping rate 
FF 6B RECLEN: DEFS 1 7disk record length for read/write 
FF6C MOTOR: DEFS 1 7;drive motor activity timer 


{ CRT OUTPUT DRIVER VARIABLES } 


FF76 CSRCHR: DEFS 1 ;character used for cursor indicator 

FF77 BASE: DEFS . 1 ;current content of scroll register 

FF79 NULLS: DEFS 1 z7null count for SIO control character 
7 output padding 
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